This study aims to produce an alternative fuel from optimized mixture of municipal solid waste residuals, non-hazardous industrial wastes and agricultural residues with a production plant design and detailed economic feasibility study. Waste types examined in this study are rice straw, cotton stalks, plastics, wood, used tires, olive pomace oil, paper, and dried digested sludge. Optimum mix selection criteria are; calorific value with a weighting factor 30%, density 15%, moisture content 15%, oxygen content 10%, and gas emissions 30%. Eight mixes are investigated and the optimum mix was 23% rice straw, 19.52% wood, 24.58% plastics, 18.43% cotton stalks, and 14.47% used tires. The optimum mix has a calorific value of 5272 cal/g, density of 311 kg/m 3 , and moisture content of 1.94%. The proposed selling price of the alternative fuel produced is 1200 LE per ton covering all capital costs and operational & maintenance costs.
Introduction
The increase of human life quality as well as rapid industrial development have created a huge volume of solid waste (SW), which has become one of the most serious current environmental problems. Many methods have successfully been used to reuse different types of SW. Most of the SW can be transformed into useful products, and thus the proportion of SW that is being recycled, reused and recovered is increasing. Egypt's municipal solid waste (MSW) generation is 21 million tons per year in 2012 (NSWMP, 2013) and suffering from waste disposal problems and fuel shortages. In a way to partially solve both waste and energy problems simultaneously, some types of waste can be utilized as alternative fuel (AF) in energy intensive industries.
Cement production is considered an energy and carbon-intensive industry, accounting for 5% of global man-made carbon dioxide (CO 2 ) emissions (WBCSD, 2009), and consumes nearly 120 kg of coal per ton of cement. About 25 million ton of coal in the European Union is required annually by the cembureau members to cover the demand of cement in Europe. In 2005, the world cement industry consumed about 9 exajoules (EJ) of fuels and electricity for production (IEA, 2007) . According to the data of the European Cement Association (cembureau, 2014), Global cement production in 2014 is estimated at 4.3 billion tones. Cement production is consuming thermal energy about 3.3 GJ/ton of clinker produced which is considered about 30 -40 % of production costs (Giddings et al., 2000) . Electrical energy consumption is around 90 -120 kWh/ton of cement (European Commission [EC] 2001). The use AF in cement kilns is now common and increasing (Moses, and Chinyama, 2011) . The usage of AF in cement manufacturing not only helps to reduce the emission but also has significant ecological benefits of conserving nonrenewable resources (Trezza, and Scian, 2000) .
Methodology
The methodology adopted in this study is presented in Fig. (1) . 
Solid Waste Materials Selection
Many types of SW materials can be used as an AF such as are petroleum coke, paper waste, dried pulp sludge, sewage sludge, used tires, plastic residues, wood waste, rice straw, cotton stalk, oil contaminated soils, green waste and other biomass, food waste, drill cuttings, tars, chemical wastes, used oil, and olive pomace oil. The selection criteria for the types to be used as AF in the current study are: availability in the Egyptian market, sustainability, high energy content, and low cost. Based on these criteria, the following eight types are considered in this study: -Rice straw, and cotton stalks (agriculture waste).
-Plastics, and paper (municipal solid waste).
-Olive pomace oil, wood, used tires, and dried digested sludge (industrial waste).
Solid Waste Analysis
The analysis results of each parameter are presented in Table ( 
Solid Waste Evaluation Criteria
The criteria of SW mixes evaluation parameters are to maximize CV, and oxygen and to minimize MC, density, and gas emissions (carbon, nitrogen, and sulphur). Each parameter is given an optimum target value (based on analysis results) and proposed weighting factor from 100% as presented in Table  ( 2). Five trials are conducted with different weighting factors to investigate the sensitivity of optimum mix selection to weighting factor. Table 2 . The SW materials are ranked from 1 to 8 to determine its priority in the mixing procedure as presented in Table ( 3).
Table (3): Score and Rank of Each Waste Material (No Mix).
The analysis shows that the weighting factor has insignificant impact on the ranking of SW materials, and therefore Trial No. 1 is selected as a basis for further analysis. Taking into consideration the SW materials ranking and score (Table 3) , and the number of SW materials to be mixed, Table (4) presents the possible eight SW mixes for Trial 1. The price per ton of each mix in Trial 1 is calculated as presented in Table (7) to determine the financial evaluation score and ranking using the lowest mix cost as a target value (Mix No 8 has a minimum cost).
Table (7): Financial Evaluation

Selection of Optimum Mix
The technical and financial scores are merged to obtain the overall score and then the optimum mix. Different merging ratios are selected to investigate the sensitivity of optimum mix to merging ratios. The results are presented in Fig.  (2) .
Process Description
Taking a basis of 1 ton / hour flow, the camion will arrive on the entry balance at the entry of the factory to record the entering weight. Then it will unload the raw material in the specified place in the receiving area. The camion will go out of a specified exit in order to record the exit balance. The loader present in the receiving area will be used to transport the raw materials to the shredder and to the loading area. Agriculture wastes will be entered into a 35 Kwh shredder in order to reach the specified size for the process. The proposed mixture will be prepared in the loading area and feed to the belt conveyor by a loader for the entry into the mixing tank. A mixing tank is installed in order to homogenize the mixture before entering into the pelletizer .The homogenized raw material will be taken out on a belt conveyor to be transported to the pelletizer which will produced the final pellets, The pellets produced is usually associated by high temperature, the produced pellets will go into a cooler then into the packaging area to be prepared for selling.
Fig. (2): Block Flow Diagram of AF Production
The process flow diagram (PFD) of the AF plant shown in Fig. (3) . 
Fig. (4): Designed AF Production Plant Layout
The mass balance of SW material quantities passing through different processing operations is shown in Table ( 9) and the mass balance flow sheet is presented in Fig. (5) .
Table (9): Mass Balance of AF Plant
Fig. (5): Mass Balance Flow Sheet
The energy balance of AF production is shown in Table ( 10) and the energy balance flow sheet is presented in Fig. (6) . 
11.Economic Feasibility Study for Alternative Fuel Production
The economic feasibility study is based on the capital costs, operation maintenance costs, and cash flow analysis for a plant with a production capacity of 50 t/day with working hours 20h/day, and working days are 300 day in one year for 11 year (1 year for construction and 10 years of operation).
= 50 300 15,000 /
Capital Costs
Capital costs are the costs incurred in the purchase of land, buildings, construction, site work, and machines to be used in the production of AF. Table  ( 11) presents the CC of AF plant (50 ton/d).
Operating and Maintenance Costs
Operation and maintenance costs are the expenses which are related to the raw materials, power consumption, salaries, operation of machines as presented in Table ( 12) , therefore, the proposed selling price of AF is 1200 EGP per ton (about 3% : 5% profit).
= 15,000 1,200 = 18,000,000 /
Economic Analysis Measures
Economic analysis is conducted based on net present value (NPV), internal rate of return (IRR), benefit to cost ratio (B/C), and payback period taking into consideration the inflation and discount rates. The following equations are used; Cost Calculation
Benefit calculation
Net Present Value
Benefit to Cost Ratio
Internal rate of return Cash flow over a 11 years was presented in Table  ( 
Calculation of Pay Back Period
It is noticed that payback period = 5.95 year according to the revenue of the first three years of the project.
Conclusions
This study aims at the determination of the optimum mix of non-hazardous SW materials to be utilized as AF. Waste types examined in this study are rice straw, cotton stalks, plastics, wood, used tires, olive pomace oil, paper, and dried digested sludge Optimum mix selection is based on CV with weighting factor 30%, density 15%, MC 15%, oxygen content 10%, and gas emissions 30% taking into consideration SW materials cost. Eight mixes are investigated and the optimum mix is found to be rice straw 23%, wood 19.52%, plastics 24.58%, cotton stalks 18.43%, and used tires 14.47%. The optimum mix has a CV of 5272 cal/g, density of 311 kg/m 3 , MC of 1.94%, CO x of 153.28 (g/g fuel), NO x of 0.69 (g/g fuel), and SO x of 0.10 (g/g fuel).
The AF plant is 3600 m 2 covering all service buildings and all of production machines. The production rate is 50 ton/d. Capital costs and operation maintenance costs of the AF plant are 8,930,000 and 16,455,200 EGP respectively. IRR of AF plant is 14%, NPV is 8,341,593 EGP, B/C ratio is 1.0428, and the payback period is 5.95 years. The cost per ton of AF produced from the optimum raw waste materials mix is 989 LE without any processing costs and the proposed selling price is 1200 LE per ton of AF covering all the processing costs. 
